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Based on the regularities of the growth of gas bubbles, crystallization of metals, and topochemical reactions of 
decomposition of solids, the kinetic equation of pore formation in granules of mineral materials under firing is 
derived. The obtained equations are recommended for mathematical modeling of the pore formation process 
in granulated foam glass and porous fillers. 


One of the main physicochemical processes determining 
the formation of pores in pelletized mineral materials under 
firing is the growth of gas bubbles [1-4]. It is shown in 
[5, 6] that the behavior of a conglomeration of gas bubbles of 
size up to 2.5 mm is fully identical to the behavior of solid 
spherical particles of the same size. Therefore, in construct¬ 
ing a kinetic equation to describe pore fonnation in granules 
of natural argillaceous material with additives (organic, mi¬ 
neral, or complex organomineral additives) and glass pow¬ 
ders of different chemical compositions, and in subsequent 
experimental verification, the equation describing the crys¬ 
tallization of metals was used. This equation was applied to 
determine the portion of material participating in the reac¬ 
tions a(x) depending on the process duration, and a method 
was proposed [7] for the calculation of the equation coeffi¬ 
cients 


a(r) = 1 - exp (- kx) h , (1) 

where k and b are the process constants; i is the process du¬ 
ration. 

The kinetic equation of pore fonnation in granules at a 
constant temperature, corroborated by statistical processing 
of experimental data related to firing granules of various 
mineral materials, was derived on the basis of the following 
assumptions. 

In the initial moment of firing (x = 0), a granule has the 
volume V min and contains elementary gas bubbles (the pore 
seeds) with the average volume V f each. The expansion 
(frothing or swelling) of a gas bubble occurs in the following 
way. Within a short time period, the bubble volume grows 
from V { to K r , but the moments of frothing or swelling of dif¬ 
ferent gas bubbles occur at different times and randomly. 

Let us assume that some of the elementary gas bubbles 
have expanded their volume by the time x elapsed since the 
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start of the firing; then the volume of the swelled (frothed) 
part will be equal to a(x)(F min /F f )F r , and the volume of the 
remaining non-swelled part will be [1 - a(x)]F min . Hence 
the volume of the granule at the moment x will be equal to: 

F(x) = a(x)^F r +[l-a(x)]F min . 

'f 


Since a(co) = 1 (all elementary gas bubbles in the gra¬ 
nule are swelled) 
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Therefore, one can write: 

V (x) = a(x) V(co) + [ 1 - a(x)] V min . (2) 

The basic assumption verified for various types of min¬ 
eral materials (clay, glass, and ash-slag residue after burning 
of solid fuel) implies that a(x), i.e., the part of the initial gra¬ 
nule volume that had swelled by the moment x, satisfies 
equation (1), known as the Kolmogorov - Erofeev equation. 

By substituting expression (1) in formula (2), we get: 

V(x) = (1 - exp (- kx) b )V(°o) + V min e- k%h 


or 


V(x)-V(oc) = 
V . -V(oo) 

min v ' 


( 3 ) 


Assuming that the granule weight at this firing tempera¬ 
ture varies insignificantly, we finally obtain: 
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where p min and p max is the apparent density of the initial (be¬ 
fore swelling - frothing) granule and of the granule swelled 
to the maximal degree. 

Formula (4) is the kinetic equation of pore formation un¬ 
der isothermal firing of granulated mineral material. In iso¬ 
thermal firing of granules within the temperature interval of 
1123 - 1523 K, in which the principle variation (decrease) in 
the apparent density of granules made of different materials 
or mixtures takes place, the correlation coefficient is equal to 
0.88 - 0.99. Furthermore, b = 0.01 - 0.70, which means sub¬ 
stantial nonlinearity of the process of pore formation (swell¬ 
ing or frothing) in granules. Therefore, the measurement 
units of firing duration are very important. The experiments 
show that firing duration should be measured in minutes. 

Let us now derive the kinetic equation for the pore for¬ 
mation in granules migrating inside the furnace (rotary fur¬ 
nace, tunnel kiln, etc.). 

Let the apparent density of a granule within a certain time 
period vary between t and t + At vary from p (t ) to p(t + At); 
then equation (4) takes the following form: 


l/[ P (f + At)]-1/ p , 
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Since the value of At is low, by using decomposition in 
series, one can write: 


-i(x+A//60) 6 _ e -fa 6 (l+Af/60) _ e -k% b (l-kbx h ~' (Al / 60)) 


By substituting x from expression (4) into expression (5) 
and performing certain transformations, we will get: 
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But d t = d l/v m ; therefore, we finally obtain: 
d(l / p ) _ kb x 
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where v m is the velocity of the progressive motion of gra¬ 
nules in the furnace, m/sec; 1 is the furnace length, m. 


The derivatographic analysis results and experimental 
data on swelling of argillaceous granules and frothing of 
granules made of glass powders of various chemical compo¬ 
sitions indicate that the granule mass changes virtually only 
in the front zone of the furnace. 

The mass of granules in isothermal heating varies in ac¬ 
cordance with equation (3), in which the volume V is re¬ 
placed by the granule mass m. 

Similarly to the above equation, the equation of the gra¬ 
nule mass variation under nonisothermal heating in a furnace 
takes the form: 
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The kinetic equations of the pore-formation process in 
firing of granules can be used in mathematical modeling, in 
determination of the optimum parameters for firing granu¬ 
lated batches of mineral materials in various types of fur¬ 
naces, and for designing automated systems to control the 
process parameters in the production of granulated foam 
glass and porous fillers. 
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